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Supplementary Figures S1 to S7 
  
Fig. S1. Phylogenetic analysis confirming identification of Rheb orthologs. The maximum likelihood tree was inferred 
using RAxML-HPC2 (LG4X+ substitution model) based on a multiple alignment of the conserved GTPase domain 
(151 aligned amino acid position). The root is arbitrarily placed between the clade comprising bona fide Rhebs and 
other Ras family proteins. The numbers at branches refer to ML bootstrap values (shown only when ≥65%) and 
posterior probabilities (≥0.9) calculated using MrBayes (WAG++I substation model). If the species has more than 
one Rheb gene, these are distinguished by a specific gene label, otherwise only the species name is indicated. 
Sequence identifiers of the Rheb sequences included in the analysis is provided in table S1, those of other Ras family 
proteins are indicated in brackets (the respective databases are listed in table S1). Note the position of the Naegleria 
gruberi protein “61087” (among “other Ras family proteins”), which seems to have been misinterpreted as a Rheb 
ortholog by van Dam et al. (2011b). 
 
                                                          <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<    PX domain    >>>> 
Guillardia theta       M---------------ERSTRVQ---------SATITGTE-VREEGGKKFTVYKVELRSEIGPWVVWRRYRQFHELDAKIKERNPSFPGRLPQKKMGGNMK 
Hemiselmis andersenii  M---------------ERTTRVQ---------SAMILGTE-NRDQGGKKFIVYKVELRSDIGPWIVYRRYRQFFELDTKLRERFPGFQGQLPKKKVSGNLA 
Goniomonas avonlea     M---------------AAVDRPPPRSIG--SLRTRIVGSE-TRED-VSSFTVYQVQIRNEAGMWTVLRRYSQFYELVQKLRDRMPDRKWDFPKKKLTGNLE 
Hemiarma marina        M-------------SMSRDSRRQPGSLSGGEFSARVGSWE-TRESGGKTFTVYKVKIQSELGSWTVARRYSQFDDLNKRLAISNPSAALPLPKKKLVGNQN 
Roombia sp. NY0200     MAETAFGARSFGHSSHSQDDVFRSSS-SEMERKAEIVGSE-TRESPQKPFTVYTIQVTHGSSAWTIHRRYNQFFNLFNKLREQFPSIDFHFPPKKAFRNME 
Palpitomonas bilix     M------------------RRRDPERLT----TLRITRTQLVKQEGGKGHIAYEILCAEGHQQWSTLKRYSELKELDGQIQRAFPSSSMPFPPKRLFGNMK 
Homo sapiens RHEB      M---------------------------------------------------------------------------------------------------- 
Consensus/80%          M..................p............ph.lh..p.s+pp..p.ahsYplbh.p....W.hh+RYppb.pL..pl....Ps..h.bP.K+h..Nb. 
 
                       >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>                             <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 
Guillardia theta       PEFVEERKNFLQQYLKDLVADPNAAGSPEFRAFIDANRSCSGKLSDA-LGSGSGASSSTKQKLQRKIAVLGFMGVGKSAVTIQFTEGHFAEPYSPTIENTF 
Hemiselmis andersenii  PEFVEERKRGLERYLEEVVSDANAVSSPDFRAFIDANRNCSAKLSEA-VAGNSVSGGGSRQRLQRKIAVLGFMGVGKSAVTIQFTEGHFAEPYSPTIENTF 
Goniomonas avonlea     PAFVADRMKQLEAFLNEVVADHEVMRSPEFRAFIDANLDVSTKHSKL---SNSTEARSKRPMLSRKLAVLGFMGVGKSAVTIQFAEGHFPEIYSPTIENTF 
Hemiarma marina        KDFIEQRRVALDKYVREICDDPRLANSQEFRSFIDTNLEAHTRVSKAGLSVSAQDGSSNGSGVPRKICVLGYMGVGKSCLTIQFTEGHFVDTYSPTIENTF 
Roombia sp. NY0200     SDVIQQRKQHLQQFLDLVVAEQMIFESSGVVYFFDRSVDVSYNNGDD------RSSSKKNALKVRRLAVVGFMSVGKTAVSTQFVDEQFSEQYVPTIENTH 
Palpitomonas bilix     EAFVKERSEALQAYFDGIIADEKMAGTEFVRSFFRRAEARPQGQGGG-SATATPTVDGSKLKRNRKVALLGFASVGKSAIAVQFAEEHFAEPYNPTIENTF 
Homo sapiens  RHEB     -----------------------------------------------------------PQSKSRKIAILGYRSVGKSSLTIQFVEGQFVDSYDPTIENTF 
Consensus/80%          ..hl.pR...Lp.ahp.lhs-..hh.*..h..Fbc.s.......t..........s..p...b.RKlAlLGabtVGKStl*lQFsE.pFs-.YsPTIENTF 
 
                       <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<    Rheb GTPase domain    >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
Guillardia theta       QKVIRHKGIEYQTDILDTAGQDEYQIFHTRYAMGIHGYILMYSIVSRRSFDMVSTIRDKLLNAVGTENIPHVLVGNKSDLVHEREVATEEGQRLADEWGVP 
Hemiselmis andersenii  QKVIRHKGTEYQTDILDTAGQDEYQIFHTRYAMGIHGYILMYSVISRRSFDMVSTIRDKLLNAVGTEDIPHVLVGNKSDLVHEREVTKEEGQRLADDWGVP 
Goniomonas avonlea     QKLIKYRGVEYATDILDTAGQDEYQIFHTRYAMGIHGYVLVYAVSVRRSFDMIRTIHEKLVNAMGTDQIPRILVGSKRDLTHQREVTPEEGQRLADEWGCP 
Hemiarma marina        SKQLKYRGVDYSVEILDTAGQDEYHIFHTRYAMGVHGYVLMYTVNLRRSFEMVETIHDKLVNAIGTSQVPRVLVGAKCDLVHERQVGSDEGYALAQQWGCP 
Roombia sp. NY0200     HKVVTHRGEEFVLDIVDTAGQDDSQILHQRYTIGVHGYALVFSVASRRSFEMIEVIHEKLVNALGHDRFPKVLVGNKVDLTVQREVSTEDAQRLADSWGCL 
Palpitomonas bilix     HKTIKHKGIEYAFDVVDTAGQEEMSQFPSRHCIGVHAYVLVYSVSSRRSFDMIPVINTKLLNATGNDQAVRILVGNKTDLVLDRKVTTEEGEAMAAKYNMK 
Homo sapiens RHEB      TKLITVNGQEYHLQLVDTAGQDEYSIFPQTYSIDINGYILVYSVTSIKSFEVIKVIHGKLLDMVGKVQIPIMLVGNKKDLHMERVISYEEGKALAESWNAA 
Consensus/80%          pKhlpa+G.EY.h-llDTAGQDEbpIF.pRYsbGlHGYlLhY*VssRRSF-MlpsI+pKLlNAhGppphP+lLVGsKpDLsbpRpVs.EEGp.LAppWss. 
 
                       >>>>>>>>>>>>>>>>>>>>>               CaaX 
Guillardia theta       FIESSAKFNTNIEEIFRKLILQCEA-GQEGSDGEKKCLIM 
Hemiselmis andersenii  FLESSAKFNTNVEEVFKRLIAQTEA-GQDNGKGDKNCTVC 
Goniomonas avonlea     FLECSAKYNENIGDVFNKLIAEIERFNNPNPEQQETCCIA 
Hemiarma marina        FFECSAKLNEKIDDIFLSLLAEIDK-QREPEQQHESCTMQ 
Roombia sp. NY0200     LLECSAKDGDNISDVFSKLLAEIEK--AAAPEEKDTCIIF 
Palpitomonas bilix     FLECSAKYNEHIWDIFKSILAELDK-TENPDQSDAGCSIM 
Homo sapiens RHEB      FLESSAKENQTAVDVFRRIILEAEKMDGAASQGKSSCSVM 




Fig. S2. Annotated multiple alignment of PX-Rheb protein sequences. Sequence accession numbers are provided in 
table S1. The alignment was prepared using MAFFT version 7 and processed for visualization using Chroma v1.0. The 
Homo sapiens RHEB sequence represents the conventional Rheb form lacking the N-terminal PX domain. 
                                                                                                                       FYVE 
strain SRT308                        MS-------------------------SRRPRW---VPDREAKECTQ--CSTKFTFLKTRKHHCRSCG----SVFCDSCTNYQSYLP 
Prokinetoplastina sp. PhM-4 Rheb2a   MG-NYLNCPCEFG(5)----TTGKDVGDKKGLYHKNDDDDIDACCSV--CKTGFSETR-RAHICSKCK----APFCDACAASTSTRT 
Prokinetoplastina sp. PhF-6 Rheb2a   MG-NSISFKVCYSECES-------------------DRDHIDFTCMC--CKERFGPNR-RAFVCSVCK----GGFCESCGITREGGS 
Prokinetoplastina sp. PhM-4 Rheb2b   MGL(5)ASQSSST(18)SSPSPTGAPHRGATPW---IPDSSTRRCQHILCSRPFGLFT-RRHHCRSCG----RIFCARCTSYRRDNV 
Prokinetoplastina sp. PhF-6 Rheb2b   MGIF------------------HSVGTDGSASW---ISDESVSKCEQ--CTTDFTTTT-RRHHCRNCG----HVFCSKCSAHKKEHV 
Prokinetoplastina sp. PhM-4 Rheb1    MV----STPSTHS(7)SLNNNNNNNNNSVRPNW---KPDTDVNACEK--CRLTFTLIR-RRHHCRRCG----GIFCDACSSNRRTGL 
Prokinetoplastina sp. PhF-6 Rheb1    MS----------------SPPQDDNGSFVAKKW---KEDSNCRKCDK--CSSEFTIFR-RKHHCRRCG----NVFCQQCSSQTCSNV 
Bodo saltans                         ----------------------------MAVHW---TPDDQVLACES--CDATFGVFR-RRHHCRRCG----GVFCDKCSSEKARGL 
Neobodo designis                     MST(4)SASTAHM(30)GAAGGGATAGGVRAVW---KADDSVNACER--CGAAFTFYR-RRHHCRRCG----GIFCLDCAKDKVPGI 
Diplonema papillatum Rheb1           MAT--------------DEAADVKAGSAQRPRW---KPDRDTTKCEE--CKAEFSFFN-RRHHCRRCG----GLYCNKCSSEKRVLD 
Diplonema ambulator Rheb1            MSD--------------EAGSN--GASTHRPRW---RPDSEVTNCEE--CKADFSFFN-RRHHCRNCG----GVFCNKCSNEKRVLG 
Rhynchopus euleeides Rheb1           MGE--------------DV-----GSSGGRPKW---RPDAEGSICEE--CGEGFSFFN-RRHHCRKCG----GLFCGKCSGAKRLLS 
Flectonema neradi Rheb1              MAE--------------DSNSQ---SMVQRPRW---KPDSGSTMCEV--CNAEFSFFN-RRHHCRSCG----GLFCNKCCSDKRELP 
Hemistasia phaeocysticola Rheb1      MA-------------------------AQRRAW---KRDTEVSNCEE--CDAAFTFFN-RRHHCRKCG----GIFCNKCTSDRRVIP 
Euglena gracilis Rheb1               MTS----------------------AVQQAPPW---KPDSAAKACEG--CDQPFSFFTRRRHHCRHCG----GVFCDLCSSARCAIP 
Euglena longa Rheb1                  MTS----------------------AVQQAPPW---KPDSSAKVCEG--CEQPFSFFARRRHHCRHCG----GVFCDPCSSARCAIP 
Eutreptiella cf. gymnastica Rheb1    MK-------------------------QQPPPW---KPDSSTKVCEN--CNAPFSFFTRRRHHCRHCG----GVFCDPCSNLRCAIP 
Rhabdomonas costata Rheb1            MP-------------------------TAPPVW---KPDSSSSVCEA--CQRPFTFFTRRRHHCRHCG----ALFCYACSGSRSAIP 
Peranema trichophorum Rheb1          ---------------------------MSAPPW---KPDNSVKSCES--CTLPFSFMTRRRHHCRHCG----GLFCDPCSNMRCSIP 
Entosiphon sulcatum Rheb1            ---------------------------MKRPEW---KPNTPS--CEA--CNKSFTLLV-RPHHCRHCG----GVFCDECTSSRCTIP 
Euglena gracilis Rheb2               MGN----------------------------------------------------------------------------SGDKEKPA 
Euglena longa Rheb2                  MGN----------------------------------------------------------------------------SSDKEKPP 
Eutreptiella cf. gymnastica Rheb2a   MGN----------------------------------------------------------------------------TPDKDKQT 
Eutreptiella cf. gymnastica Rheb2b   MGT------------------------------------------------------------------------------------ 
Rhabdomonas costata Rheb2            MGL----------------------------------------------------------------------------GSSKDTRP 
Peranema trichophorum Rheb2          MGI-CWCCFKRAQ-------------------------------------------------------------------------- 
Entosiphon sulcatum Rheb2            MG----CCFSHEDKP------------------------------------------------------------------------ 
Hemistasia phaeocysticola Rheb2      MGN--LCSPEAKQ----------TEREARRPGT---QPDP----------------YKRSGGNVASTG----ALSASGRNGRTARAP 
Diplonema papillatum Rheb3           ---------------------------------MNGGPDLS-K--------------------------------VTVCYSSATSET 
Diplonema ambulator Rheb3            ------------------------------------------------------------------------------------MVA 
Flectonema neradi Rheb3              ----------------------------------------------------------------------DQALLGTLASDGKASTT 
Rhynchopus euleeides Rheb3           --------------------------------------------------------------------------------------- 
Hemistasia phaeocysticola Rheb3      MPQC---------EGGASGAGTQRTLGQTRGQW---PSNSSID-----------------------------GAIGTPMSPDSESDV 
Entosiphon sulcatum Rheb3            --------------------------------------------------------------------------------SRKLTIT 
Peranema trichophorum Rheb3          ME-------------------------DEAPKR----------------CHTDIDRLTQRTESARTIA(23)NLVVTHATPASFDGP 
Homo sapiens RHEB                    M-------------------------------------------------------------------------------------- 
Consensus/80%                        ..................................................................................p.... 
 
                                     domain                                                          <<<<<<<<<<<<<<<<<<<<<< 
strain SRT308                        E----FEY---TEPQRVCQS-CHDKIATE(26)NSTSLPSSNPNSN(9)PPSQNGDDTQPAYAERKIVVLGSRAVGKSSITIRYAE 
Prokinetoplastina sp. PhM-4 Rheb2a   S-----SL--QQDMTMMCCR-CVSTTNHH(16)NGTSAPLSEGSLT(6)GSVPAARRMIKSVRHRKLCILGHTSVGKSAMVSRFCD 
Prokinetoplastina sp. PhF-6 Rheb2a   I-----TC--SPCIARQCTA-TMTPDRSP(32)EQQGPPSNNGGVS(5)AIPQPKKSSQRALKHRKLCFLGHTSVGKSAIVTRYID 
Prokinetoplastina sp. PhM-4 Rheb2b   K-----GYP-ADVAVRVCRQ-CSGCVSGS(22)NGAGGGSNDVANN-----MSMPSRHESTLRWRKLCLLGARGVGKTALITQYFE 
Prokinetoplastina sp. PhF-6 Rheb2b   R-----GY--ENTFVRVCDS-CYGKGEDM------------------SPPTLSRPITQKEMIRSRKICLLGVSGVGKSALVSFFVE 
Prokinetoplastina sp. PhM-4 Rheb1    P-----GFPSGTPPQRVCDT-CFLMDKGL----GEVLVNDSMVAPG------LPYVPFENRPKERRVCILGHAGVGKSALLQQFTH 
Prokinetoplastina sp. PhF-6 Rheb1    P-----GY---TSPQRVCDE-CYVQ--------STVFAAAEKDGGG------QRVVPFSQRPRERKICMLGHAAVGKTALAQQFVN 
Bodo saltans                         P-----GY--EETLQRICGA-CKQALQ-------------------------AMREVGKKRPRERRVCILGSPGNGELSLLHYLCP 
Neobodo designis                     S-----GW---SGAERICRI-CQTL---------------------------APAMALAAQPRERTVVLLGSPGVGKSAIAQLFAT 
Diplonema papillatum Rheb1           S---QLGY--GHEPQRVCRQ-CARLAD--------VGTSTQAQNN-------IVEKKEPPVLKQRKICVLGKSWVGKSAICVQFVE 
Diplonema ambulator Rheb1            A---EMGY--GGESQRVCKT-CAKQLD--------KGAAVAP----------HIAEKKEPVIKQRKICVLGKSWVGKSAICVQFVE 
Rhynchopus euleeides Rheb1           K---ELGY--GSEPQRVCKP-CARSLDPP------PGSVVTSGFSS------GNSDRKDPVVKQRKICVLGKSWVGKSAICVRFID 
Flectonema neradi Rheb1              K---SMGY--GTDPQRVCRS-CCKHVD--------RGSAPKQ----------HPPEKREPVLKQRKICVLGKSWVGKSAICVQFVE 
Hemistasia phaeocysticola Rheb1      G---------LDGPQRVCGD-CREQLASGGRAPTQSGSAVGAGGGGGGVGARGPPERRDSVTKQRKICVLGAAYVGKSAICVQHVE 
Euglena gracilis Rheb1               K----YGY---EDETRVCQP-CWMYLKKE-----------DDHLRG------IERARADSFLRQRKVCILGQGAVGKSCLTQQFVE 
Euglena longa Rheb1                  K----YGY---EDEARVCQP-CWLYLKKE-----------DDHLRG------IERARADSFLRQRKVCILGQGAVGKSCLTQQFVE 
Eutreptiella cf. gymnastica Rheb1    K----YGY---EDDTRVCHA-CFKYVKNE-----------DDHLKG------IERARADSFLRQRKVCILGQGAVGKSALTQMFVE 
Rhabdomonas costata Rheb1            K----FGF---TEEVRVCDA-CFDLLQRE-----------E--HRG------VDKEPVESFLKQRKICILGYSAVGKSCLTQQFVE 
Peranema trichophorum Rheb1          K----FGY---ESEVRVCSQ-CCDYLKKE-----------EDHNKG------IERARAESFLRQRKVCILGYSCVGKSCLTQQFVE 
Entosiphon sulcatum Rheb1            K----FEY---TTPVRVCPG-CFDYLQRE--------------TSG------PQRAHTDSLLRQRKICILGYSAVGKSALTQQFVE 
Euglena gracilis Rheb2               A----------------------------------NGASPDEAG-----------TRPAHDVKQRKIVILGYAKVGKTALTQQLTE 
Euglena longa Rheb2                  A----------------------------------NGASPDEAG-----------AGPAHDVKQRKIVILGYAKVGKTALTQQLTE 
Eutreptiella cf. gymnastica Rheb2a   G----------------------------------NGGPSNEDG----------TYPPPAVKKQRKIVVLGYAKVGKTAVTQQLTE 
Eutreptiella cf. gymnastica Rheb2b   -------------------------------------TGSTDREKN------PATHAAPLAVKERKIVVLGCAKVGKTALTQQLVQ 
Rhabdomonas costata Rheb2            -----------------------------------EGTEHTDDGQA------RGPASPSQDMKQRKIVVLGCAKVGKTALTQQFTE 
Peranema trichophorum Rheb2          ----------------------------------------------------YDPLPSLNIKPQRKVVMLGCSAVGKTALTQQFVN 
Entosiphon sulcatum Rheb2            -----------------------------------EKTPIID----------TRPADSQQCVRQRKVVLLGYAAVGKTAISQQFVE 
Hemistasia phaeocysticola Rheb2      G----------------------------------PGSA-ANSPRG------DYPPGVAAVTKQRKVCVLGKGMVGKSALCIQYVE 
Diplonema papillatum Rheb3           S---------GGKEGPGWGD-CPKAA-----------------------------NEDEVFVRQRKICIFGYKQVGKTSIVEQYTQ 
Diplonema ambulator Rheb3            D---------ADNHLKRPLS-VERSSESD----ASL--QRNNTDGM-EQVVVQRLRRHEPFIRQRKLCLFGYRHSGKTSLVEQYIQ 
Flectonema neradi Rheb3              S---------HEEERKAAVS-TEHSSESD----LVIGTLRDQRDQ-------NKTKKSRPFIRERKLCIFGYRYSGKTSIVEQYTQ 
Rhynchopus euleeides Rheb3           -------------------------------------------------MATVKEQQQQAFVRQRKLCIFGYSNTGKTAIVEQYTQ 
Hemistasia phaeocysticola Rheb3      S---------SVAALRKFAD--------------------------------TMALAAESFVRQRKVCVFGSRACGKTSLVFQFAN 
Entosiphon sulcatum Rheb3            K----LDF---DPNGKVCNA-HYELAEDE(37)QQQQHPSNSIALV(8)SFARARARAASILRLRKLCLLGGSGVGKSSLVSQLVD 
Peranema trichophorum Rheb3          S(15)FGF---DDTGKVCAAHCIDKSQSL-----QVEDQTFKISFMGG----SYSKKAVDIVPLRKIVLLGAADVGKTSIARQLVE 
Homo sapiens RHEB                    -----------------------------------------------------------PQSKSRKIAILGYRSVGKSSLTIQFVE 
Consensus/80%                        .............................................................h+pRKlslLG.s.VGK*tls.pasp 
 
                                     <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<   Rheb GTPase domain    >>>>>>> 
strain SRT308                        ----KHFVDTYNP---TIETKFPARIR----YRGK-EFNLKLLDTAGQDEHSILQPNYTIGTHCYVLVFSVVDRASFEMIRVLHDKV 
Prokinetoplastina sp. PhM-4 Rheb2a   ----DKFSSYHNP---TISSLQTKTVS----VGGE-QYNVSILDTAGQDEYAVFKPQWSIGTHGYVLVYSVSDSTSLDALHTIRAHL 
Prokinetoplastina sp. PhF-6 Rheb2a   ----GKFSGYHNP---TVSSVQYKGTT----VDGE-SYNVSILDTAGQDEYTIFKPQWSIGTHGYALIYAVNDSASLEALSTIRNHL 
Prokinetoplastina sp. PhM-4 Rheb2b   ----HTFSPVYLP---SVTTTATKQIL----MRGQ-EFSLSVLDTAGVDECSDFQPQYSIGTHGYVIVYAVDDAAGLEMAKQLRSAL 
Prokinetoplastina sp. PhF-6 Rheb2b   ----RSFVAAYSP---TITSTCSRNIT----HNGH-DYVITVVDTAGLDECSLFQPQYAIGTHGYVLLYSITDPISFTTVKRIHDRV 
Prokinetoplastina sp. PhM-4 Rheb1    ----RQFVEDYTP---TIAQTQRVVLK(16)LPHD-TYELVIIDSAGQSSCDVFQPSLSVGTHGYVIVYSITDRVSFAEVCEIHERL 
Prokinetoplastina sp. PhF-6 Rheb1    ----KSFMEDYTP---TISSTLRKVVRRD-QHDHV-DYEIVISDTAGLSSCDMFKPSLCIGTHGYILVYSVVDRASFLEVPAIHSSL 
Bodo saltans                         ----DASTSHDTQKVITFGRTRQMSLR----TGGEFEYIFSVVDT-GPTGCEMFQPQYTIGTHAYIFMFNVTDRNSFLALLPLRDRV 
Neobodo designis                     (25)SGAGGAGAPSS-SSASCARRMLR---HRSGA-DYVLALQDAIGHTHVGSFPPALAIAAHLFLLVFSVDDHASLYALRPIFQRV 
Diplonema papillatum Rheb1           ----DRFSPYYNP---TINHTYQRKIR----YRNQ-QYLLSILDTAGQDECSMFQPQYSIGTHGYIILYSINDYHSFEMVKCIYDRI 
Diplonema ambulator Rheb1            ----DRFSPYYNP---TINHTYQKKIR----HGNN-QYLLSILDTAGQDECSMFQPQYSIGTHGYIILYSINDYHSFEMVKSIYDRI 
Rhynchopus euleeides Rheb1           ----DRFSPYYNP---TINHTYQRQMK----HKGQ-QYLLSILDTAGQDECSMFQPQYSIGTHGYIIVYSINDYHSFEMVKSIYDRI 
Flectonema neradi Rheb1              ----DRFSPYYNP---TINHTYQRKIK----YSGQ-NYLLSILDTAGQDECSMFQPQYSIGTHGYIILYSINDYHSFEMVKSIYDRI 
Hemistasia phaeocysticola Rheb1      ----DRFSSVYYP---TINHTYQRKTR----LHGE-TYLMTIIDTAGQDECSPFLPQYSIGTHGYVILFSLIDYNSFELVRSIYDKI 
Euglena gracilis Rheb1               ----DRFQQAYNP---TINHTFSKKIK----VRGE-EFLMTILDTAGQDETSIFQPQYSIGTHGYVLVYSITDASSFEIVKIIYEKI 
Euglena longa Rheb1                  ----DRFQQTYNP---TINHTFSKKIK----VRGE-EFLMTILDTAGQDETSIFQPQYSIGTHGYVLVYSITDASSFEIVKIIYEKI    continues 
Eutreptiella cf. gymnastica Rheb1    ----ERFQQAYNP---TINHTFTKKIK----VRGE-DFLMSILDTAGQDECSIFQPQYSIGTHGYVLAYSITDASSFEIVKIIYEKI   on the next 
Rhabdomonas costata Rheb1            ----ERFNQAYNP---TINHTYSKRVR----AKGE-EYLLSLLDTAGQDECSLFQPQFSIGTHGYILVYSIADPVSFEMVSVIYEKI       page 
Peranema trichophorum Rheb1          ----EKFQSAYNP---TINHTFTKKVK----ARNE-EFVLSILDTAGQDECSIFQPQYSIGTHGYILVYSIADVRSFEIVKVIYEKI 
Entosiphon sulcatum Rheb1            ----DRFVQAYSP---TITQTYAKRVK----VRGE-EFLLSVLDTAGQDECSLFQPQFSIGTNGYVLVYSINDRQSFEIVKTLRERI 
Euglena gracilis Rheb2               ----DRFTPEYYP---TVDQTHYKTLR----IRGE-DYLLTLLDTAGQDDTSLFQPRYTIATDGYVIVYSIDDAYSFDIARVLYERI 
Euglena longa Rheb2                  ----DRFTPEYYP---TVDQTHYKTLR----IRGE-DYLLTILDTAGQDDTSLFQPRYTIATDGYVIVYSIDDAYSFDIARVLYERI 
Eutreptiella cf. gymnastica Rheb2a   ----EKFVPDYYP---TVDQTHYKTMK----FRGE-EYLLDILDTAGADDTSLFQPRYTIATDGYVIVYSIDDAYSFDIAKVLYERI 
Eutreptiella cf. gymnastica Rheb2b   ----DKFVPEYSP---TIDQSHYKTIK----LRGG-EYLLEIVDTAGQDDTSLFQPLYTIGTHGYVIVYAIDDPMSFEMAQTLREKI 
Rhabdomonas costata Rheb2            ----DRFMAEYYP---TVDQTLYKTVR----VRGE-DYHLSILDTAGQDDTSLFQPRYTIATDGYVVVFSIDDPVSFDIAKLVYDRI 
Peranema trichophorum Rheb2          ----QRFPTIYHP---TVDQTWTRVIQ----VRGV-EVELIVLDTCGQDELELFHSRYYIGTHGFILVYAIDDVSSFAMMETVYQRV 
Entosiphon sulcatum Rheb2            ----EKFPVTYYS---TVDQTLVKRLK----VRGE-EFHLSVLDTAAQDECSLFQPQYSIGTQGYILVYSIAERRSFEICKTVYDRL 
Hemistasia phaeocysticola Rheb2      ----DRFEPHYEP---TIQNSYTRKEH----YKGQ-EYVFTILDAAGQDECDVFQPQFALGTHAYLIVFSISDFHSFELAPFLYDKV 
Diplonema papillatum Rheb3           ----GTFSNEHLP---ATNRTSSKRTT----RNGY-EYVINVLDTVGQDECGFFDPQYTIGTDGYILVYSVIDRHSFDMVKRIYNDL 
Diplonema ambulator Rheb3            ----GSFSHEHYP---ATNRTSSKIVT----RNGH-DYLIHVLDTVGQDECGFFDPQYTIGTDGYLLIYSVTDKSSFDMIKRIHQDL 
Flectonema neradi Rheb3              ----GSFSHEHFP---AANKTSTKIIE----RRGN-EYLIHVLDTIGQDECGFFDPQYTIGTDGYLLVYSVVDRGSFDMIKRIYNDL 
Rhynchopus euleeides Rheb3           ----GTFSHEHYP---TTNKTSSKVCQ----RNGC-DYLVHILDTVGQDECGFFDPQYTIGTDGYMLVYSVVSRESFEMVKRIYNDL 
Hemistasia phaeocysticola Rheb3      ----GVFRHEHSL---STNRSLSRSLD----RHGR-QFQVQVLDTAGQDDLGFFDPSYTIGTDGYMLVYSVTDKESFKMVQRIYEEL 
Entosiphon sulcatum Rheb3            ----HRIPANHFP---TVSQTFTKAVQ----RGGE-EFLLSILDTPAHDELSMFQPQYSIGTYGFIVVFSLNDRASFETARSVYSEI 
Peranema trichophorum Rheb3          ----RKIPETHHH---TVQAIYTRAIN----RGGT-EYVLSLLDTEPQDELSIFHAMYSMGTYCFLVVFAVNNRSSFELVKQIYKNI 
Homo sapiens RHEB                    ----GQFVDSYDP---TIENTFTKLIT----VNGQ-EYHLQLVDTAGQDEYSIFPQTYSIDINGYILVYSVTSIKSFEVIKVIHGKL 
Consensus/80%                        ....ppF...a.P...Tlsp*b.+.lp.....pGp.pa.lpllDTsGQD-htbFpPpa*IGTcGYlllaSlsD..SF-bhp.lapcl 
 
                                     >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
strain SRT308                        LNACA(35)SK-VVIILVGNM----CDLER-----NRCVSNEEGEALARELGCSFIECSAKTDENIHKIFETAVHNYELRFNQ---E 
Prokinetoplastina sp. PhM-4 Rheb2a   LECHA----PD-VPLVLCANK----CDTSE----MDRQVLSQDGLELAQRWRCDFVECSAKTGYNVPTVFEKLLTRIAQS------- 
Prokinetoplastina sp. PhF-6 Rheb2a   LECHA----PD-VPIVLVANK----VDLPD----GEIQISEAQGREMAAKWKTSFVQCSAKTGEGVNEVFEALLRRIAHN------- 
Prokinetoplastina sp. PhM-4 Rheb2b   LECYA----SG-VTMVLVGTK----ADVPA----SQRVVSSEEGHALAEMWCCPYVECSAATGSCVERMFAILLESIQLQENV---R 
Prokinetoplastina sp. PhF-6 Rheb2b   LECHP----PG-IPIVLAGTK----ADARN----SERQVSEGEGKALSAVWGCPHVECSARTGINVDKVFLSLLEKIQKDD------ 
Prokinetoplastina sp. PhM-4 Rheb1    REC-H----PN-APVLVVGNK----SDLER---STERAITAAEGAALAAELSCGFLECTATKANVATAVFYTILDMIVAAEAV---V 
Prokinetoplastina sp. PhF-6 Rheb1    AQC-H----ND-VPIVLVGNK----IDLVE--KAAERQVTSEEGAELAARLGCSFIECSATRQKAVQNVFSTILDLIVASEKD---- 
Bodo saltans                         LECGG----ME-KAMILVGNK(10)TNGPQ----LDRQVTVDEVSSLGHRWGVPHLELSSSKQRQVDELKNTLLRLVAERDHL---S 
Neobodo designis                     LDCGC----HF-LPIIVVGTT-------RG----ESRVVPSEDCAAVAAEFGAKYVEITLTPGD-VAGLFERALDQVAKE------- 
Diplonema papillatum Rheb1           QDCNI----LEGVVLVLVGNK----NDLPE----GERQVSYDEAQQLAASWGFPFVECSAKEAESVEGVFNLVLEEILKAEGD---A 
Diplonema ambulator Rheb1            QDCNI----LDGVVLVLVGNK----SDLPA----SERQVSYEEGQQLAQSWGFPFMECSAKNAENIERVFNLVLEEILNAEGE---G 
Rhynchopus euleeides Rheb1           QDCNI----LDGVVLILVGNK----SDLPS----SERQVSHEEGQQLAGSWGVPFMECSAKQSDTVEGVFNLMLEEILKAEGD---A 
Flectonema neradi Rheb1              QDCNI----RDGVVLVLVGNK----NDLPA-----ERQVSFEEGQQLAASWGFPFMECSAKKAENIEAVFNLVLEEILRAEGD---S 
Hemistasia phaeocysticola Rheb1      QDCCN----IDGVPLVLVGNK----MDLRE-----DRKVHEAEAQALAAEWGVPYLECSAKDARSVELVFNTVLTEIVRLEAP---Q 
Euglena gracilis Rheb1               HSY-A----VD-LVLVLVGNK----TDLDH-----QRQVSHEEALKLAQEWRCPLIECSAKKKENISKVFYTIMEEILTQEDG---A 
Euglena longa Rheb1                  HSY-A----VD-LVLVLVGNK----TDLDH-----QRQVSREEALKLAQEWRCPLIECSAKKKENISKVFYTIMEEILTQEDG---A 
Eutreptiella cf. gymnastica Rheb1    HSY-A----VD-VVLVLVGNK----TDLEK-----DRQVTYDEAETLAREWNCPFIECSAKRKENIAKVFYTVMEAILTQEDG---V 
Rhabdomonas costata Rheb1            HSF-A----VD-VVLVLVGNK----CDLER-----DRQVSFEQGQALARGWKCPFIECSAKRKDNVAKVFLTILEEILTQEDG---G 
Peranema trichophorum Rheb1          YSY-A----VD-VVLLLVGNK----SDLDK-----ERQVSFEEGSALAREWKCPFLECSAKKKDNVVRVFYGILEEILKAEDP---T 
Entosiphon sulcatum Rheb1            FSH-A----VD-VVLLLVGNK----SDLDK-----DRQVSVEAGKALAKEWDSPFMECTATKKEQVATVFQTVMEAILAHEEG---G 
Euglena gracilis Rheb2               HEY-V----VD-GVVVLLGNK----TDLEK-----DRQVSYQQAQALAEEWKCPFLECSAKRKENIQRVFTTIMEEILKREDT---P 
Euglena longa Rheb2                  HEY-V----VD-GVVVLLGNK----TDLEK-----ERQVSYQQAQALAEEWKCPFLECSAKRKENIQRVFTTIMEEILKREDT---P 
Eutreptiella cf. gymnastica Rheb2a   HEY-V----VE-GVVVLVGNK----VDLDA------RQVSHAQGQALADEWKCPFLECSAKRKENIQKVFTIMLEEILKREDA---P 
Eutreptiella cf. gymnastica Rheb2b   QDSGV----VE-AVVVLVANK----TDLDA------RQVSHAEAQALAESWSCPFLECSATRKESVQRVFTTMLEQILQHEDA---P 
Rhabdomonas costata Rheb2            HEF-V----VD-AVIVLVGNK----TDLDR-----ERQITTEQGQALAQSWRCTYIECSAKKKENVNRIFQTILEQILSREEG---G 
Peranema trichophorum Rheb2          CDN-V----LY-PTIVLVGNK----SDRQS-----HRKVTREQGQALANRWGCPFIESCAQQNESANVVFGAILDIILEREDS---P 
Entosiphon sulcatum Rheb2            HCE-V----VD-AAVVLVGNK----IDLEK-----QRQVPTEEAQALAQSWGCPFVEVSAKKKDSVNRIFTMLVDEILTREEG---S 
Hemistasia phaeocysticola Rheb2      RDC-N----LDDVAVVLVGNK----SDLAG-----DREVPVEEAMRLAQSWGCPYVECSAKDSEQVRDVFVAVLGEILKREL----- 
Diplonema papillatum Rheb3           WAY-T----PL-VPFVLVANK----SDLKA-----QVSVSGEEGWNLAKKWGCPYEEATSLSGERINEIFDKLLGRIDVSYDD---T 
Diplonema ambulator Rheb3            WNY-T----PL-VPFVLVANK----VDLVD-----HREVGEEEGRALAQKWACPYTEVTSRSNKEVTQLFSFLLSKIDTAYDD---T 
Flectonema neradi Rheb3              WAY-T----PL-VPFVLVANK----ADLTS-----DREVSEEEGLQLARRWNCDYAEVTSKSGYDIECVFSKLLLKIDTMYDD---T 
Rhynchopus euleeides Rheb3           WAY-T----PL-VPFVLVATK----VDLTH-----ERVVTEQDGRALAAQWGCDYFEVTSRTGKSAANMIAQLLEKIDAMYDD---S 
Hemistasia phaeocysticola Rheb3      WAY-T----PL-VPFILVANK----VDLAT-----QREVTAREGQRLARQWGCHYFESTAKDADCVHAAFEALLAQIDGSYEQ(6)T 
Entosiphon sulcatum Rheb3            MAN-T----VG-IPILLVGNK----SDLCR(10)GAGAVGTEEGMRLASEWDAQYMECTATDHFSAHAVFMRMLDMIEGPLSL(6)S 
Peranema trichophorum Rheb3          QEN-T----VC-VPIVLVGNK----SDLP------NREVSQEEADELANSWFCKYVETTALNYSNIRKLIDLAMDEIEGPLET---K 
Homo sapiens RHEB                    LDM-V--GKVQ-IPIMLVGNK----KDLHM-----ERVISYEEGKALAESWNAAFLESSAKENQTAVDVFRRIILEAEKMDGA---A 
Consensus/80%                        bph.s.......ssllLVtNK....sDL.......pRpV*.pptb.LA.pW.ssahEs*App.psl..lF..llppI...b...... 
 
 
strain SRT308                        AYH--------QETPPT-CLLL-------------- 
Prokinetoplastina sp. PhM-4 Rheb2a   ------------------------------------ 
Prokinetoplastina sp. PhF-6 Rheb2a   ------------------------------------ 
Prokinetoplastina sp. PhM-4 Rheb2b   E----------------------------------- 
Prokinetoplastina sp. PhF-6 Rheb2b   -----------------------------------V 
Prokinetoplastina sp. PhM-4 Rheb1    C----------------------------------- 
Prokinetoplastina sp. PhF-6 Rheb1    -----------------------------------D 
Bodo saltans                         G----------------------------------- 
Neobodo designis                     ------------------------------------ 
Diplonema papillatum Rheb1           ------------------------------------ 
Diplonema ambulator Rheb1            S----------------------------------- 
Rhynchopus euleeides Rheb1           ------------------------------------ 
Flectonema neradi Rheb1              ------------------------------------ 
Hemistasia phaeocysticola Rheb1      ------------------------------------ 
Euglena gracilis Rheb1               PKQPAK---------------PFWRIA--------- 
Euglena longa Rheb1                  PKQPIK---------------PFWRIG--------Q 
Eutreptiella cf. gymnastica Rheb1    PKQTSK---------------MFWRKA-------DR 
Rhabdomonas costata Rheb1            PRPSRW---------------PSWLRF--------- 
Peranema trichophorum Rheb1          PKKEGKD-----KAKPK-GKGLF------------- 
Entosiphon sulcatum Rheb1            QRRLPP--------TPK-K----------------- 
Euglena gracilis Rheb2               ATAGDRP-----AAKPF-WKGMFQS----------G 
Euglena longa Rheb2                  ATAGDRP-----PIKPF-WMGMFQS----------S 
Eutreptiella cf. gymnastica Rheb2a   CCAGDRP-----QSRPF-WTGMFHK----------S 
Eutreptiella cf. gymnastica Rheb2b   FSSGQSA----HECSSI-WKAIF------------- 
Rhabdomonas costata Rheb2            GAGAKQSKGLR---------GFFGK----------P 
Peranema trichophorum Rheb2          T-----------PTSGT-SSSFLHKIM-------GT 
Entosiphon sulcatum Rheb2            A-----------RVRGS-W---FNKTP--------R 
Hemistasia phaeocysticola Rheb2      ------------------------------------ 
Diplonema papillatum Rheb3           PEFAK--(4)FGTG---------------------- 
Diplonema ambulator Rheb3            ETFIR--(4)NTAPRPS-CALQ-------------- 
Flectonema neradi Rheb3              ETFVK--(2)SQANQPS-CSVM-------------- 
Rhynchopus euleeides Rheb3           DTFFK--(3)--RQQQS-CSVM-------------- 
Hemistasia phaeocysticola Rheb3      ETFAPTE(10)QRSKDG-CSVM-------------- 
Entosiphon sulcatum Rheb3            TTTTRNN(71)REEEPA-ASVVAAEKRSAAKGRTGE 
Peranema trichophorum Rheb3          DPGVRRC(14)AESEGYRCVIQ-------------- 
Homo sapiens RHEB                    S-----------QGKSS-CSVM-------------- 




Fig. S3. Annotated multiple alignment of Rheb protein sequences from Euglenozoa. Sequence accession numbers are 
provided in table S1. The alignment was prepared using MAFFT v7, manually adjusted, and processed for 
visualization using Chroma v1.0 (numbers in brackets indicate the number of amino acid residues omitted from the 
display for simplicity). The Homo sapiens RHEB sequence represents the conventional Rheb form. Positions predicted 
to be N-myristoylated (see table S3) are highlighted with a blue background, positions predicted to be S-
palmitoylated (see table S4) are highlighted with a pink background, the CaaX box is highlighted with a red 
background. Note that the sequence of the C-terminus of the Rheb3 protein from Entosiphon sulcatum has not been 
defined (the available transcript sequence is either 3'-truncated or has a retained intron), so it is unclear whether 
this protein has the CaaX box (as its orthologs) or lacks it. The region corresponding to the FYVE domain is boxed. 
Note that Pfam search (http://pfam.xfam.org/) failed to recognize the FYVE domain in the Rheb1 proteins from the 
two Prokinetoplastina species, but the presence of the domain (albeit possibly divergent) in these two proteins is 
supported by sequence conservation in the respective region and searches against the NCBI Conserved Domains 
database (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). 
 Fig. S4. N-terminal myristoylation of the Euglena longa Rheb2 protein detected by mass spectrometry. 
EloRheb2 protein was affinity purified on S-protein agarose, dissected from a gel after 12% SDS-PAGE 
electrophoresis, cleaved with trypsin, and the peptides were analyzed by mass spectrometry. The plots 
shows the signal for two different variants of the N-terminal tryptic peptide 
(GNSSDKEKPPANGASPDEAGAGPAHDVK) of the Rheb2 protein: A) an unmodified form (2702.25 Da, a lower 
LC-MS retention time); B) a myristoylated form (2912.45 Da, a higher LC-MS retention time). Both peptide 
variants were monitored in three different samples (each sample processed twice, the results shown as 
two lines of the same colour): green, samples from E. coli expressing Rheb2, but not N-myristoyl 
transferase (NMT), supplemented with myristate; pink and blue, samples from E. coli expressing Rheb2 and 
NMT in the presence or absence of external myristate, respectively. Note the lack of a green signal for the 
myristoylated peptide (consistent with the lack of myristoylation in the absence of NMT). The lack of a pink 
and a blue signal for the non-myristolated peptide indicates a high efficiency of NMT-dependent N-
myristoylation in the heterologous system of E. coli cells, even in the absence of the external myristate. 
Pigoraptor chileana               MSAEEIA-------------------------AHSGCC--------------------------FPAR----------------SLKPTL 
Pigoraptor vietnamica             MSTDDVA---------------------------AGCC----C---------------------FPGL---------------FAARRAL 
Paramoeba aestuarina              M----------------------------------SCC---------------------------PGG-----------E-DSGEEKEKL 
Paramoeba pemaquidensis           M----------------------------------SCC---------------------------PGG-----------EVEDDGEKEKL 
Paramoeba atlantica               M----------------------------------LCC---------------------------PA--------------------EKE 
Planomonas micra                  M---------------------------------PFCC---------------------------PPS-NDDKAVAALDADDSTAPLAGG 
Nutomonas longa                   M---------------------------------PFCC-------------------------------GEE---EQPEAQQSLVKGDSP 
Aplanochytrium kerguelense        M-------------------VFQY---FC---PCLCCC----CG-------NGDQGSEYQASVGNPSP-LRS---ISWNYSPLAVSRSL- 
Aplanochytrium stocchinoi         M-------------------VCEGCWSMC---GKLLCC----CH-----TCSSDQSSEYQPSMGAPSP-LRS---MAWNYSPSALSRTLS 
Aurantiochytrium limacinum        MSLNSSS(42)---------MCTGCCS-C(8)LCGSCRSWSWCGFG-----SEGASPGSEDG-VTPRS-GRSRTLSSWSSSPV----GLR 
Thraustochytrid QPX               M------(2)----------------------RCRSCC---------------GADHAEEDGTLTPSSVGRGGAMPTWSSSPR----GLR 
Schizochytrium aggregatum         M------(2)----------------------PCACPC(7)WCRAA(4)--EDGAAAAANEGTVTPRS-TRS--PSSW--SPS----LMR 
Thraustochytrium sp. LLF1b        M------ERCGDCGSCANCERCTGQLSGC(7)NSTMCCSW-WCGGG(5)CPYDGFGDEDEGRRHNPRG-G----VSSWTNSP------VR 
Ancoracysta twista                MGANGKP(7)-------------------(4)PSSSCC---GCFGQ---KSNNDGYQSFKDDVTPPHS-GRSKPGAYLPGGGSFSSTSSG 
Eukaryota sp. Colp-4b Rheb1       MSGEG---------------------------EASSCC---SCFG----GPKEDAYHTISSEGNNSAR-G-AVPHNNLPGGGSFSSTSSG 
Eukaryota sp. Colp-4b Rheb2       MQTNGSSR------------------------RESRCC---PCFG----SADDGAYQSLESG-------GRGGSFAQNVGGGSFSSSNSG 
Thecamonas trahens                M--------------------------------------------------------------------G---------GSSSKQERAPL 
Amastigomonas sp. FB-2015         M---------------------------------------------------------------------------AASRYGTADERTPL 
Homo sapiens RHEB                 M----------------------------------------------------------------------------------------- 
Consensus/80%                     M..........................sp............................................................. 
 
                                                   <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<  
Pigoraptor chileana               RG--------TMSAPKSRKFAVMGFRAVGKSSLTIQFVEGQFVDSYHPTIENTFQKLIRYKGQDYTADIVDTAGEDEFSILPSRYSVGIH 
Pigoraptor vietnamica             SK--------GMSAPKSRKFAVMGFRAVGKSSLTIQFVEGQFVDSYHPTIENTFQKLIRYKGQDYTADIVDTAGEDEFSILPSRYSVGIH 
Paramoeba aestuarina              LDNGSVN---NNKPVRSRKIVVTGYPGVGKSCVVIQFCENHFTSSYNPTIAATFTKTFKLRGEELLCEIVDTAGQDEFHPFPQSYGVGVH 
Paramoeba pemaquidensis           IDNNNIN---NNKPVRSRKIVVTGYPGVGKSCVVIQFCENHFTSSYNPTIAATFTKTFKLRGEELWCEIIDTAGQDEFHPFPQSYGVGVH 
Paramoeba atlantica               EASTRLL---SEPVLKNRKIVVTGFPGVGKSCVVIQFVENHFTQSYNPTIAASFHKTFKLRGQEFHCEILDTAGQDEFTPFPQSLGVGIH 
Planomonas micra                  RR--------RRNIQQKRKIVVLGFRGVGKSAVTIQFCENHFADMYHPTIENTFERTVQLGSEEFTVQVVDTAGQDEYSVFPSQYSVGVD 
Nutomonas longa                   KK--------NQSYARARKVVVMGSKSVGKSAITIQYCENHFADMYSPTIESTFRKMIRYKGQDYNTQVLDTAGQDEYSLVHSEYSVGVH 
Aplanochytrium kerguelense        SASERLL---APQIEVQRKIVILGYRGVGKSALVAQFVEKRFLDSYEPTIENTFRTELRLRRVQFTCDILDTAGQDEYSSISRQASVGVH 
Aplanochytrium stocchinoi         TGTDRLL---TPLIEVQRKIVVLGFRGVGKSALAIQFAEGRFVEVYEPTIENTFRTTIRLNKVRFVCDILDTAGQDEYSSISRQASVGVH 
Aurantiochytrium limacinum        GLQERLVTVSVPQVDVQRKIVVLGFRGVGKSALIARFVEDQFVDAYEPTIEYTFRTTLLRNHVRFTCDILDTAAQDEYSTLSRQASVGVH 
Thraustochytrid QPX               GMEDRLMM--SSNVEVQRKIVVLGFRGVGKSALISRFVDNQFSDVYEPTIEYTFRTTLVRNHVRFVCDILDTSAQDEYSSLSRQASVGVH 
Schizochytrium aggregatum         GLEERLL-----TLEVQRKLVVLGFRGVGKSALIARFVDNKFLDQYEPTIEYTYRTTLLRKNVRFVCDILDTSAQDEYSSLSRQASVGVH 
Thraustochytrium sp. LLF1b        SMEERLL-----AIEVNRKIVMLGYRGVGKSALVSRFVQGQFLDTYEPTIEYTFRKVQNRNNVRFVCDILDTSAQDEYSSLSRQASVGVH 
Ancoracysta twista                SN--------SARSKKMRRIAILGFRAVGKTVVSTVFVGEPFDSSYHPTIENTFHKIITFNGDEYSAEILDTAGQDEYSILPTQYSLGVH 
Eukaryota sp. Colp-4b Rheb1       NV--------TARGKKSRKIVFLGFRAVGKTVVNMVHVGETFEDRYHPTIQNTFQKVITFNGDEYSAEIIDPAGMDESSLLPTQYSLGVH 
Eukaryota sp. Colp-4b Rheb2       QN--------TNRGKKSRKIVFLGSRAVGKTLVNLVHIGEPFQDTYHPTIQNTFQKVITVNGDEYSAEILDLAGMDEYSLLPSHYSLGVH 
Thecamonas trahens                VGAG------KNPHVKTRKVAVLGFRAVGKSSLTIRFIDDVFIQAYNPTIEATFNKTFDVDGSHYHLEVADTAGQDDYSILHSQYALGIH 
Amastigomonas sp. FB-2015         RGDGSVS---GGKHVKTRNVAVLGFRAVGKSALTIQFAEGHFVDAYNPTIENTFNKTIEVDGDTYKLHITDTAGQDDYSIFYSQYSLGVH 
Homo sapiens RHEB                 ------------PQSKSRKIAILGYRSVGKSSLTIQFVEGQFVDSYDPTIENTFTKLITVNGQEYHLQLVDTAGQDEYSIFPQTYSIDIN 
Consensus/80%                     ................pRKlslbGa+tVGKSslshpFsp.pF.s.YpPTIp.TFpphbp.p..ca.scllDTAtpDEaS.bspphtlGlH 
 
                                  <<   Rheb GTPase domain    >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
Pigoraptor chileana               GYVLVYSVTSRTSFEMVKIIREKLL-NMTGTNSVPIVLVGNKTDLHLERVVSVEDGKNLATEWGCQFVESSAKHNQSVREIFEAIIFAIE 
Pigoraptor vietnamica             GYVLVYSVTSRTSFEMVKIIREKLL-NMTGTNSVPIVLVGNKTDLHLERVVSYEDGKALAAEWGCQFLESSAKHNQSVREIFEAIIFAIE 
Paramoeba aestuarina              GYVLVYSTTSKQSFERIPVLNDKIL-DVCGCEDVPRILVGNKSDLMIERQVSSEEGRALANELGAQFVECSAKHNLNVVDVFKLLLIEIE 
Paramoeba pemaquidensis           GYVLVYSTTTKQSFERIPVLNDKIL-DVCGCEDVPRILVGNKSDLMIERQVSIEEGRALANELGTQFIECSAKHNLNVVDVFKLLLIEIE 
Paramoeba atlantica               GYVLVYSVASSQSFERIPVLNDKIL-DVCGCDSVPRILVGNKTDLVIERQVSVEEGRSLAQELGIGFIECSAKHNVHVVDIFKQLLTEIE 
Planomonas micra                  GYLLVYSIASKSSLQMIKVLNDKIL-NAAGVESVPRVLIGNKCDMGARRQVTVEDGQRLAAQWGCSHMEVSAKHNQHIEEAFMGVLAEIE 
Nutomonas longa                   GYVFVFSVTNRASFEMIKVLNEKVL-NLAGVNYVPRVIVGNKSDIAKHRQISKEEGMQLAESWNCAYVECSAKLNENIAQIFQVLMEEIE 
Aplanochytrium kerguelense        GYLLVFSINSRSSFEAVKMIHDKFL-SSIGAESIPTVLVGTKSDLNQYREVSKEQGLALARFWGCPYIECSAKENWQVQEVFGTLISHIE 
Aplanochytrium stocchinoi         GYLLVFSITSRNSFEAVKMIHDKLL-SSIGAETVPSVLIAAKCDMQQYREVSREEGQALARHWGCPYVECSSRQNWKVEEVFVTLISHIE 
Aurantiochytrium limacinum        GYILVYSTVSRTSFENVKHIHDKLL-RVIGGQTIPMILVATKSDLDEYREVSDEEGKQVAAAWGYPFVACSAKRNWNVEQVFTKLLHEVE 
Thraustochytrid QPX               GYILVYSSTSRTSFENVKLIHEKLL-TVIGGATIPMILVATKYD-HELREVSGEEGRNLATRWGYPFVECSAKKNWQIEQVFSVLLNVVE 
Schizochytrium aggregatum         GYILVYSSISRTSFENVKVIHDKVL-NVFGGATIPMVLVATKIDVEEFREVLPQEGRALASRWGCPFIECSAKEDWGVDDVFQILLGSVE 
Thraustochytrium sp. LLF1b        GYILVYSCTSRTSFENIKVIHDKII-NVIGGPTIPMIIVATKFDLKEFSEVSSSEGKQLAASLGYSFVECSAKTYWNVDLVFSTILGTIE 
Ancoracysta twista                GYVLIYSVASKASFDKIKVINDKLL-NFFGTTNVPRVLVGNKSDMKKERQVPTEEGSTLAEEWGCPFIECSAKSNENIAEVFNLVMAEIE 
Eukaryota sp. Colp-4b Rheb1       GYVLIYSVASKASFDKISVINDKLMHNFLGSSNVPRVLVGNKTDMKKERQVTTEEGQALADSWGCPFVECSAKKNENVVEIFRKLMSEID 
Eukaryota sp. Colp-4b Rheb2       GYVLIYSVASKASFENISVINDKLMHNFLGSSNVPRVLVGNKTDMR--RQVTKEEGQKLAEEWGCPFVECSAKNNENVSAIFNQLMIEID 
Thecamonas trahens                GYILVYSVASKNSFETLKIIRDKIL-NVTGAATIPCVLVGNKSDLQFERQVPREQGQALADSWGCAFVESSAKHNERVEDIFKLIIREIE 
Amastigomonas sp. FB-2015         GYILVYNIASKASFDTLKVINEKIL-NYTGTENVPRVLVGNKCDLEFERQVTYEQGRALADSWGCAFVETSARHNQNVDDLFRFIVREIE 
Homo sapiens RHEB                 GYILVYSVTSIKSFEVIKVIHGKLL-DMVGKVQIPIMLVGNKKDLHMERVISYEEGKALAESWNAAFLESSAKENQTAVDVFRRIILEAE 
Consensus/80%                     GYlLVYShsS+.SF-.lpllp-KlL.shhGs.slPblLVtsKpDb.bbRpV*.E-Gp.LA.pbGh.alEsSAKpNbpl.plFp.lb.plE 
 
                                                   CaaX 
Pigoraptor chileana               KNAEPPTK---KEDG-GCAIL 
Pigoraptor vietnamica             KNAEPPTK---KEDG-GCVLL 
Paramoeba aestuarina              KHQGAPKV---QDEG-GCVLL 
Paramoeba pemaquidensis           KHQGAPKV---QDEG-GCVLL 
Paramoeba atlantica               SQQGAPIK---EEET-TCAIL 
Planomonas micra                  KSRAPA-----VEEK-SCSLM 
Nutomonas longa                   KSSAPV-----QEKS-SCTIL 
Aplanochytrium kerguelense        KDTGLLSS---ESIE-KCSIS 
Aplanochytrium stocchinoi         RGSGLLAT---ETIE-KCNIL 
Aurantiochytrium limacinum        RDSGLLAE---EEEEPACTIL 
Thraustochytrid QPX               KDSGLLME---ERDD-TCILL 
Schizochytrium aggregatum         QETGLLRE---EQEE-SCTIL 
Thraustochytrium sp. LLF1b        QESGLLKE---AQSD-RCTIL 
Ancoracysta twista                NAEKATGASSDDKKG-ICSVM 
Eukaryota sp. Colp-4b Rheb1       QVDRATGL-GDDSGS-KCSII 
Eukaryota sp. Colp-4b Rheb2       KADRATGK-GDDANG-GCSLL 
Thecamonas trahens                KTTQHYDMP--AESGCCCTIM 
Amastigomonas sp. FB-2015         KHSRPEAV---EKPGCKCVIL 
Homo sapiens RHEB                 KMDGAAS----QGKS-SCSVM 




Fig. S5. Annotated multiple alignment of Rheb protein 
sequences with putative S-palmitoylation (excluding 
dually acylated Rhebs from Euglenozoa). Sequence 
accession numbers are provided in table S1. The 
alignment was prepared using MAFFT v7, manually 
adjusted, and processed for visualization using Chroma 
v1.0 (numbers in brackets indicate the number of amino 
acid residues omitted from the display for simplicity). 
The Homo sapiens RHEB sequence represents the 
conventional Rheb form lacking an acylated N-terminal 
extension or palmitoylated cysteines adjacent to the C-
terminal CaaX box. Positions predicted to be S-
palmitoylated (see table S4) are highlighted with a pink 
background. Note also the putatively myristoylated 
glycine residue (highlighted with a blue background; see 
also table S3) at the N-terminus of the Rheb sequence 
from Thecamonas trahens. 
                                                                                        <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 
Bicosoecida sp. ms1 Rheb2    MS-------------------------SP--------------TAAGGA-GGKRRAPTMRPREVVVLGARGVGKSALVVRFVEEFFVDSY 
MAST4 sp. TOSAG23-3 Rheb2    MEDRYG-------------PY----NLSP----QGYSQ(9)EDMANPNSPMALKPSPSHKQRSIVVLGFQNVGKSSIVGRFVNHVFRKEY 
Colponema vietnamica         M--------------------------------------------------QVEQQQQQRQRKFVVLGFSAVGKSALTNQFVHEHFPDYY 
Colponema sp. Colp-15 Rheb1  MG---------------------------------------GVDSTENK-HERSSMEQSKQRKFVVLGFSAVGKSAITNQFVHDHFPDYY 
Colponema sp. Colp-15 Rheb2  M-------------------------------------------------------EQSKQRKFVVLGFSAVGKSAITNQFVHEHFPDYY 
Litonotus pictus             MNQSLL(18)NNRDNQRNSQF(13)AFAP(46)RQYNN(9)SNNSDENS-SFDREKPRYKKKKVLVLGAPGVGKSAVILRFKDDIFKPDY 
Entodinium caudatum          MNDSL-----SFREDISES-------------------------------DLLASNYSYTKRKILILGGQEVGKTSIIKRYKNNIYIDEY 
Plasmodiophora brassicae     M------------------------------------------------------SGARKQRKVVVLGFSFVGKTAISVRFCADRFNERY 
Spongospora subterranea      M----------------------------------------------------KPAMMQKQRRIVILGFSFVGKTAISVRFCSDRFNDRY 
Leptophrys vorax             M---------------------------------------------------------RKRRNIVVLGFSMVGKTAICVRFAGDRFSDRY 
Paulinella chromatophora     MDFQFG(10)SSRSNSREHVF(5)STFRP----RHLTN------------GSPYSKTSRKQRNIVVLGFSNVGKTALCLRFAKNRFDEYY 
Homo sapiens RHEB            M-------------------------------------------------------PQSKSRKIAILGYRSVGKSSLTIQFVEGQFVDSY 
Consensus/80%                M..........................................................+pRphllLGhp.VGK*tls.pFsppbF.-.Y 
 
                             <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<    Rheb GTPase domain    >>>>>>>>>>>>>>>>>>>> 
Bicosoecida sp. ms1 Rheb2    NPTIESTFVKKLKFRGERLELRIRDTTGQDEYSTFD-PRYAVGVHGFVIVFSVTSKQSLQIADMVHSQVLNSLMGAADAVPRILVGTMTD 
MAST4 sp. TOSAG23-3 Rheb2    NPTIASSYRKRIKYGTETLTLTIHDTTGQDKLTVFS-PRHYIGVHGYILVYDVTSRHSFEIARYINEKILTVTLNDASMTPRLLVGNKSD 
Colponema vietnamica         NPTIEATFHKVVRFKGRDTEILIRDTAGQDEYTIFH-HRYCVGVHGYVLLYSVDNRQSFEMVKIINEKLLNLI--GTDRVPRVLVGNKID 
Colponema sp. Colp-15 Rheb1  NPTIEATFQKVVRYKGKDIEILIRDTAGQDEYTIFH-HRYCVGVHGYILLYSVDSKQSFEMVKVINEKLLNLI--GTDRVPRVLVGNKMD 
Colponema sp. Colp-15 Rheb2  NPTIEATFQKTVKYKGKDIEIYIRDTSGQDEYTILP-HRYCVGVHGYILLYSVDSLQSFEMVKIIHEKLINLI--GTDKVPRILVGNKND 
Litonotus pictus             IPTLQETYKKEFMFNNDKVELEICDLDGQNEFTLFSTNKFSSGINGYILCYSVENMYSFQMIQSINSKLTSLV--G-GQVPKVLIGNKAD 
Entodinium caudatum          EPTIQILTKKAINFNNEFLYLEIMDLEGQTEYTIFSPNKFSVGYSGYILVYDVRSHKSFELIKHIYNQISFIS--G--NTAKILIGTKSD 
Plasmodiophora brassicae     EPTYENSFRRVIRHRGQDIDVVITDTQGQDEQELFR-NEYCLGAHAYVLVFSLTSPRSLQNVKVINDKLINLI--GHTKIPRVLVGSKQD 
Spongospora subterranea      EPTYENSFRRVIRHRGQDMDVIITDTQGQDEQELFR-NEYCLGAHAYVLVFSLTSPRSLQNVKVINEKLVNLI--GHKDIARVLVGSKQD 
Leptophrys vorax             EPTFQTSHRKLIKQRSDEIEVFITDTQGQDDQETFR-KEYCLGAHGYVFVYSVTNTKSLDACIALNTKLTSLM--GTSNTPRILVGNKID 
Paulinella chromatophora     MPTMENNFVKSYKYKGQDLEISIKDTQGLSDQEYFR-NEYCLGYHGYVLVYSVDDRRSLEQLKSINLKLVNLT---HNRVPRVLVGNKSD 
Homo sapiens RHEB            DPTIENTFTKLITVNGQEYHLQLVDTAGQDEYSIFP-QTYSIDINGYILVYSVTSIKSFEVIKVIHGKLLDMV--GKVQIPIMLVGNKKD 
Consensus/80%                pPTbps*apK.lpapspcbcl.IpDT.GQs-bphFp.pcaslGhpGYlLlaSVss.pSbp.hchIppKlhslh..t.sphP+lLVGsK.D 
 
                             >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 
Bicosoecida sp. ms1 Rheb2    LD---SERKVTAEEGRAMAAKWGCDYVEVSAKSDINVGEAFRRLVAAIQRQAGGVAE-----PEAECCDGC---CACSDLTTGQRA---C 
MAST4 sp. TOSAG23-3 Rheb2    MG---TRRKVSYEEGEEMAKAMRCEFLEVSAKDNKNVEESFHTLLSSIYKSEGWNLDYHNDGASMSCGCTR------------------- 
Colponema vietnamica         LD---DERKVSQEEARALADSWGCPFVECSAKINHNIGKIFSLLLNEIEKEEKDDTH-----TDSNCLSLC-----RRVLSVRHKQ---T 
Colponema sp. Colp-15 Rheb1  LE---YERKVSTDEARILADSWGCPFVECSAKLNQNVGKVFSLLLSEIEKEQQEDTL-----TENRCRAFVN-FFKHRRLSLFHRR---F 
Colponema sp. Colp-15 Rheb2  LD---YERKISSEEGRAMAESWGCPFVECSAKLNQNVTKVFSLLLSEIDKENKDDSQ-----RDSSCLSLLFGRCKTVSLSTKIRK---R 
Litonotus pictus             LA---NNRVISPEEGRALAKSINASFLECSARSGLNVQLVFHSVLVEINKMESNIDL-----KEISCSWLI-----TKVLR--SLK---L 
Entodinium caudatum          KD(6)YNRQVSIDEGKKYAEKINCPFLEVSSKDNINIEEIFRLLIIEINKTESGVNL-----TQIKCVKIF-------QFFLHHPR---M 
Plasmodiophora brassicae     LD---TDRRIPIQECLDLSREWGVPYVECSAKQNLNVDEVFRLSLQEIDRFSDDDIV----GAAPWWACPR-----IPKF---SPP---S 
Spongospora subterranea      LD---TERRIPVQECMDLARDWGCPYVECSAKQNLNVDEIFRLSLQEIDRFSDDDIT----QSPINWMGRV-----TSTFT--SYA---S 
Leptophrys vorax             QE---KDRAISTQQGADLAEKLGCKFVECSAKQNMGIEKVFSTLLKEIDRLGDEDEN-----SSSACTCIS-----ISCFPSDHNDPGFK 
Paulinella chromatophora     LV---NRREVSTEEGLALAASWHSAFVESSAKLNKYVEHVFERLLDEVEGQYEPEPE(13)FVENKCPTFGDMECLIGVETEAFAR---R 
Homo sapiens RHEB            LH---MERVISYEEGKALAESWNAAFLESSAKENQTAVDVFRRIILEAEKMDGAASQ-----GKSSCSVM-------------------- 
Consensus/80%                b.....cR.l*.pEtb.bAcpbsssalEsSAK.Nbsl.clFp.ll.EIp+b...s.......sp.pC.sh.........b.......... 
 
                                      TM segment 1                             TM segment 2                     TM seg- 
Bicosoecida sp. ms1 Rheb2    IDRAFAPSLATQLLLSVVVLVSAVKLALD-EATGAPHRLALVGTAFG-----ALSVAAAAVGMW----AGKTHVDGRLRATTAFCLTVVT 
MAST4 sp. TOSAG23-3 Rheb2    ---LFQALVLSMLVLGAYQSGHG--IGMLSDPKFTPNWWTYTRMGLG-----ACVVGLSAFGLY-----ASVHSRRDLLLKYAASLFLVF 
Colponema vietnamica         LDTFSSVLICATLAIGLATAIIGAILGLGAH--LQSSWLSYLMLVVG-----LFTLLMSFLGLV-----GIRQSNRDFQLVYCVSLLLVV 
Colponema sp. Colp-15 Rheb1  LTYVLKVLSVLTLLSGVGCTVIGAMVGIGSDSGPDSSWLSYAVLGCG-----LFTVIVSVVGFY-----GFLKANKELTNVYFYAISAIL 
Colponema sp. Colp-15 Rheb2  FRHVLLGLAVWTLLLGLASTGVGSLLGVEAYSQGGSSWLAYGLLGSG-----LFTLLMSSVGVY-----GILFNNKEFINVYSFSLMLAL 
Litonotus pictus             ATLLNYILLCFQLAVDAVIIVLAIYSALY-GGEIINNLVVGSLLLLG-----IFDIIISVLGVV-----GIKKKRKDLINYFYTGLFLVI 
Entodinium caudatum          MIYCFYINLLILILLSIIIF----YFGISKDFCLEKDEKEYYYFGIG-----FPYILTGVWGILINVGGMVGMRNKDILLSYF-GLRRFY 
Plasmodiophora brassicae     PELTMTVIAITCIAWACGLVGIGVWEAVRPKSSDVNDVEAYLLFGFG-----LLTMFASVMGLI-----GIRNMRHEYIRGYALFTWALL 
Spongospora subterranea      LTSSLTALATLCLIWGVAIFGLASWVGTTSRGDDKANVEAYLLFGLG-----LATTFSSILGLI-----GVKTLRRNYLYWFSLTLLLLL 
Leptophrys vorax             LILLLNCLIAATFLLGLIGIIGGLTIGLKSDIGTGGDLVAYILFGFG-----LFTTLVSALGLA-----GVWKKNREFLRVYSGTLSVIL 
Paulinella chromatophora     FVLAATFVAVLALVAGTALLIKSA------GTQGTVSAVPRSDIGLGLSVCALLVLAASYLALW-----GLANDNDLCMRMSVY----IM 
Homo sapiens RHEB            ------------------------------------------------------------------------------------------ 
Consensus/80%                ...h..h.hhh.lhhthh.hh.t...th.......ss..sb..bshG.....hhshhhthhGhh.....t....pcpbb..h.h.h..hh 
 
                             ment 3                                   TM segment 4 
Bicosoecida sp. ms1 Rheb2    ANAAALGIVAGL---------GDGSVRGATATEEVMVAGAVLLSVVHVA----VAALAHAERRIGLLLREEAPL-----------LTASD(3)- 
MAST4 sp. TOSAG23-3 Rheb2    LISFVVAIIDWEA-----------IFTPSSELVAIDCLGSMVLYLFGIFFAYYIAMIGQVEKMKGMPEFNSVTN(6)DIDPSSLIQNFDD(48) 
Colponema vietnamica         VVQLASVSYLLASECE-----SCTYVQERRVSVVTVSFVSLLIEIIAVA----LSFYLRNSVVEEITAYQMLP--------------------- 
Colponema sp. Colp-15 Rheb1  IAHLTVALILLIQGCQ----DSCHWFTQHTVPIAIFSAFSLLFEVSAIA----VSMVLRCPTEEDS-AYQLIP--------------------- 
Colponema sp. Colp-15 Rheb2  LAQLLLVCMVMTAECS----TGCEWVHHQTALVVCVSLFIWFTELLALT----VSCVLRANSQQESPEYQLIP--------------------- 
Litonotus pictus             VFIVLFIISVLLIRNN(16)KACDVKDAVHLFSYIFCPIMFITHGVLIV----SAFVLEKIYKNDLGNYII----------------------- 
Entodinium caudatum          ---------------------------------------------------------------------------------------------- 
Plasmodiophora brassicae     LTEAVVAIVFVCG--------GI-GRRAVSLLFSVPAVVASVVQFSGALIAWQLQRDLRHVIPDDFDHYVAVPN---DIYP------------- 
Spongospora subterranea      ITEVMLYALSWPI--------GM-----ASVMMAGLGAIGVSIQATTAICSWRLQRDLRHVIPDTLEHYVPIPS---DIYP------------- 
Leptophrys vorax             IFEVIVGVFLFI---------GVPILKQHSLESILSMSVTVVVHLSSILA---SCWGQEVLDESDGPHYEPLAS---PPYLIDR---------- 
Paulinella chromatophora     GFEVLLSHVLFAISDR----SGV-FVSRHALLAGVCLGLVNILEVVAMS----TVWFSRRDHSAGPKQRITAPD---SPFPVNY-NSFDD(8)- 
Homo sapiens RHEB            ---------------------------------------------------------------------------------------------- 
Consensus/80%                h..hh.....h.......................h...h...h.h..h..........p.........b......................... 
 
 
Fig. S6. Annotated multiple alignment of Rheb-TM protein sequences from the SAR clade. Sequence accession 
numbers are provided in table S1. The Homo sapiens RHEB sequence represents the conventional Rheb form with the 
C-terminal CaaX box (highlighted in red). The alignment was prepared using MAFFT version 7, manually adjusted, and 
processed for visualization using Chroma v1.0 (numbers in brackets indicate the number of amino acid residues 
omitted from the display for simplicity). Underlined regions correspond to trans-membrane (TM) segments as 
predicted using the TMHMM Server 2.0 except for the last TM segment in the Rheb sequence from Leptophrys vorax, 
which was not recognized by TMHMM but was predicted by the alternative tool TMpred. The Rheb sequence from 
Entodinium caudatum lacking the last two transmembrane segments may not be complete. Note that some of the 
Rheb-TM sequences still exhibit a cysteine residue at the position corresponding to the cysteine residue of the CaaX 
box of conventional Rheb (suggesting that Rheb-TM emerged via direct accretion of the C-terminal region with the 
transmembrane segments to the original C-terminus). 
                                                                                                                 W-rich 
                                                                                                                 motif 
Cryptococcus neoformans          116 VPLVIVGQKTDLR-DERSVTKEEGEALAKKLRAGFIESSAKDNANVSGAFEVLLEEMQKVYN---PQ-PEKKKS-SWWP-W----- 
Cryptococcus gattii              116 VPLVIVGQKTDLR-DERSVTKEEGEALAKKLNAGFIESSAKDNANVSGAFEALLEEMQKVYN---PQ-PEKKKS-GWWP-W----- 
Cryptococcus depauperatus        115 MPLVIVGQKTDLR-DERSVTREEGEALAKKLKAGFVESSAKDNNNVSAAFETLLEEMQKVYN---PQ-PEKKKS-GWWP-F----- 
Tsuchiyaea wingfieldii           117 VPLVIVGQKTDLR-DQRSITKDEGEALAKKLHAGYVESSAKDNNNVGVAFEMLLNEMQRVYN---PE-PEKKKS-GWWP-F----- 
Kwoniella pini                   260 VPCVIVGQKVDLQ-SERAITTAEGEALAKKLNAGFIESSAKDNKNVSKAFDVLLAEMQKEYN---PA-PEKKKS-SWWG-WGAK-- 
Kwoniella mangroviensis          274 VPCVVVGQKLDLQ-SERAVTTAEGEALAKKLNAGFIESSAKDNKNVSRAFDVLLAEMQKEYN---PA-PEKKKS-SWWS-WGAK-- 
Kockovaella imperatae            115 VPCVVVGQKVDLSGSERRVTFAEGEALAKKLHASFIESSAKDNKNVGKAFEVLLREMQKEYN---PA-PEKKKS-SWWG-WGK--- 
Naematelia encephala             115 VPCVIVGQKSDLSAADRRVSVAEGEALAKKLGASFVESSARDNKNVGKAFEILLQVMQKEYN---PK-PEKKKS-SWWP-FSS--- 
Tremella mesenterica             113 VPCVIVGQKCDLDSSERRVTTIEGQELAKKLKAGFVECSAKDNKNVGKAFEALMNEMRMAYN---PP-PEKKKS-SWWI-WGR--- 
Trichosporon asahii              271 VPCVIVGQKCDLK-DERRVTAAEGQALAKKLGAAFVESSAKDNKNVEGAFDALLAEMQREYN---PAPPAPAKS-KWWP-W----- 
Cutaneotrichosporon oleaginosum  341 VPCVIVGQKVDLD-KERRVSKAEGEALAKKLGAAFLESSAKDNKNVDRAFEALLGEMQREYN---PA-PAPAKK-GWWP-WS---- 
Holtermannia corniformis         217 VPCVIVGQKSDLS-EARQVEADEGEALAKKLKAVFIETSAKDNKNVGKVFDLLLGEMQKVYN---PA-PEKKKS-SWFS-WGSK-- 
Solicoccozyma terricola          122 VCCVIVGQKSDLG-ENRQVSLEEGAGLAKKLGAAFIETSAKDNKHINDVFNLLMIEMRRVYN---PP-EEKKKV-SWWSSWVGGGK 
Naganishia albida                147 VCCVVVGQKCDLN-GVRQVKFEEGQALAKKLHANFIETSAKDNKNITDVFDLLMVEMRKAFN---PP-PEKKKQ-GWFASWFGGA- 
Xanthophyllomyces dendrorhous    114 APCVIVGNKSDLN-GNRAVPTAEAKAFAQRIKAPFVETSAVKNDKIDEPVQSLLAEIWKSEG(6)AA-PAKATGGSWFGSWFGGKK 
Mrakia frigida                   117 VPCVVVGNKSDLD-AARVVSVAEGKAMAAKIKAPFVETSAVKNANIHEPVNLLLAEIYKSEG(4)AA-PAASGGGSWLGGWFGKK- 
Homo sapiens RHEB                112 IPIMLVGNKKDLH-MERVISYEEGKALAESWNAAFLESSAKENQTAVDVFRRIILEAEKMDG---AA-SQGKSSCSVM-------- 
Consensus/80%                        VPhVlVGQKsDLp..pR.V*..EGpALAKKL.AsFlE*SAKDNpNls.sFchLl.EMp+.aN...P..P..pKt.tWas.a..... 
 
 
Fig. S7. Annotated multiple alignment of the C-terminal region of Rheb protein sequences from Tremellomycetes. The 
Homo sapiens RHEB sequence represents the conventional Rheb form with the CaaX box at the C-terminus (highlighted 
in red). The numbers on the left indicate the position of the first amino acid residue shown in the original full-length 
sequence (for accession numbers of the sequences see table S1). The alignment was prepared using MAFFT version 7, 
manually adjusted, and processed for visualization using Chroma v1.0 (numbers in brackets indicate the number of 
amino acid residues omitted from the display for simplicity). Note the replacement of the CaaX box by a tryptophan-
rich motif in all tremellomycete sequences. 
